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Pyr-D synthesis. In detail, about 10 g of D-la (previously recrystallized and dried) were charged under argon flow into the reactor (i.e., a 50-mL two-neck round-bottom flask equipped with a magnetic stirrer) containing a predetermined amount of accurately weighed and in-situ dried Pyr-OH. The feeding ratio of the D-la monomer to the initiator was adjusted to obtain different molecular masses. After the introduction of D-la the flask was evacuated for 15 min and purged with argon, and the exhausting/refilling process repeated thrice in order to fully dry the reaction environment. The reaction vessel was then immersed into a thermostatically controlled oil bath set at 120 °C, under vigorous stirring: as soon as the mixture was completely molten and homogenized, about 0.15 mL of a freshly prepared solution of Sn(Oct)2 in toluene (
3 ) were added under argon through a micro-pipette, and the reaction allowed to proceed for 24 hours under inert atmosphere.
The crude product was then cooled down, dissolved in toluene and poured into an excess of cold methanol: after filtering and drying in vacuum at 40 °C to constant weight, the as-purified oligomer was obtained as a fine, yellowish powder.
Scanning Probe Microscopy methods. The VITA-HE-NANOTA-200 contact mode Si probes were adopted which feature a resonant frequency of about 55-80 kHz, a spring constant of 0.5-3 N/m and a tip radius < 30 nm. Moreover, in these probes there is a resistive heater integrated at the end of the cantilever, which can be repeatedly and reliably heated up to 350 °C. Thus, after having recorded standard contact-mode topography images, the probe can be placed in correspondence of the regions of interest (domains, features, phases etc.), for performing localized NanoTA. In a NanoTA measurement, the chosen location is heated by the probe and temperature-dependent properties, such as softening and melting, are investigated by recording the cantilever deflection vs temperature curves. The probes are calibrated by using three standards with known melting points,
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i.e. PCL (Tm=55°C), PE (Tm=116°C) and PET (Tm=235°C): when these samples are heated, the deflection increases due to the thermal expansion until it suddenly drops at the input power that corresponds to that specific melting temperature. The softening temperatures were calculated by fitting linearly the closest interval before and after the sudden variation of the deflection slope.
FMM measurements were carried out using FESPA-V2 probes that feature a nominal resonant frequency of 75 kHz and a spring constant of 2.8 N/m. In FMM, the probe oscillates in contact with the sample and the mechanical properties of the material under study can be investigated and compared by detecting both force amplitude and phase. The oscillation frequency was optimized in order to maximize the contrast in the amplitude and phase signals. The topography and lateral signals were also simultaneously recorded. Figure S2 . 
S5

